CMldmyuOnas rihardii cells, growning photoautotropbical under air, excreted to the culture medium much higher amounts of N02 and NH4 I under ble than under red fight. Under shmilar conditions, but with N02-as the only nitrogen source, the cells consumed NO2 -and excreted NH4, at shilar rates under blue and red light. In the presence of N03-and air with 2% CO2 (v/v) incorporate al the pbotogenerated NH4 +. Because these cells should have high levels of reducing power, they might use N03-or, in its absence, NO,-as terminal electron acceptors. The excretion of the products of N02-and NH4, to the medium may provide a mechanism to control reductant level in the cells. Blue lght is suggested as an important regulatory factor of this photorespiratory conmption of N03-and possibly of the whole nitrogen metabolism in green algae.
moreover, if the bubbling air of the cells that were currently excreting N02-and NH4 + was enrkced with 2% CO2 (v/v), the previously excreted reduced nirogen Ions were rapidly reassimilated. incorporate al the pbotogenerated NH4 +. Because these cells should have high levels of reducing power, they might use N03-or, in its absence, NO,-as terminal electron acceptors. The excretion of the products of N02-and NH4, to the medium may provide a mechanism to control reductant level in the cells. Blue lght is suggested as an important regulatory factor of this photorespiratory conmption of N03-and possibly of the whole nitrogen metabolism in green algae.
Nitrate assimilation in green algae and higher plants is a basic metabolic process because it uses more than 20o of the reducing power generated by their photosynthetic apparatus (11) . Among the different steps involved in this metabolic pathway, reduction of NO3 to N02 catalyzed by nitrate reductase has become particularly relevant due to its regulatory features on nitrogen metabolism (5, 12, 36) .
NADH-nitrate reductase from green algae is a multimeric enzyme of high mol wt with several electron transport components such as flavin adenine dinucleotide, protoheme b557, and molybdenum (8) . Recently, it has been reported that molybdenum is held in a special cofactor that contains an unidentified pterin (13 (25) .
For the experiments on in vitro photoactivation of nitrate reductase, the cells were grown under the above conditions, although with continuous illumination. Cells (1.5 g) were harvested by centrifugation, washed three times with 50 mm K-phosphate (pH 7.5), and broken by sonication as described above. Cell fragments were removed by centrifugation (28,000g, 15 min), and the supernatant was used for the photoactivation studies. The cell-free extract (2.0 ml) was supplemented with 10 juM flavin adenine dinucleotide and illuminated at 4°C in glass tubes under the same conditions described above, but with 180 w m-2 for both blue and red lights. Aliquots (0.2 ml) were taken out to estimate NADHnitrate reductase activity.
Chl was determined according to Arnon (3). Nitrite was measured by the diazotization method of Snell and Snell (27) and NH4' by the phenolhypochlorite method of Solorzano (28) .
NADH-nitrate reductase activity was assayed as described elsewhere (18) . One formed in the cells is released to the culture medium. Strotmann (20, 21) . When tungstate was added to a molybdenumfree cell suspension, again high NO2-excretion took place under blue light (Fig. 5a) . (Fig. 6) . The observed initial lag on photoreactivation might be due to the presence in the cellfree extract of some internal reductants that, like ascorbate or reduced pyridine nucleotides, may quench excited flavins before they become completely photooxidized (24) . As descibed elsewhere for the Chlorella nitrate reductase (2) , these data show that blue light is capable of activating the inactive form of the Chla- nitrogen metabolism appears to be photochromically regulated, inasmuch as cells under these conditions consume NO3-and release to the culture medium a major portion of the N03-reduction products, namely N02-and HN4', at much higher rates under blue than under red light. In this regard, preliminary results indicate that Chlorella pyrenoidosa also behaves similarly. Blue light in vivo may act primarily as a trigger directly activating nitrate reductase and also promoting the biosynthesis and/or the assembly of additional enzyme. The observed in vitro blue light activation of different nitrate reductases, including that of Chiamydomonas, strongly supports the idea of the in vivo regulation of the enzyme activity by the blue component of the light.
More likely, under low CO2 tensions, the CO2-fixing capability of the cells is not able to supply sufficient carbon skeletons to incorporate the high amounts of NH4' that can be potentially generated from the excess of internal reducing power caused by high irradiance. Thus, cells that cannot allocate their light-generated reducing power in the assimilation of CO2 may use the oxidized forms of nitrogen as electron sinks, thus releasing to the culture medium the possibly harmful excess ofinternal reductants.
Nitrate reductase from photosynthetic eukaryotes is currently considered as an assimilatory enzyme to differentiate it from nitrate reductases of the N03--respiring prokaryotes (11 the disappearance of the nitrogen source from the alga environment as it happens to be the case in the N03--respiring prokaryotes that currently evolve dinitrogen (39) .
The fact that the cells in the presence of N03 and under low CO2 tensions excrete not only NH4+ but also NO2-may imply some unknown regulatory mechanism related to the reduction of N02 to NH4'. Preliminary results indicate that in Chlamydomonas, as already reported for other photosynthetic eukaryotes (11, 33) , nitrite reductase activity is 5 times higher than the values of nitrate reductase from the cells illuminated with blue light and that nitrite reductase exhibited similar activity levels after either short dark periods or under blue or under red light. On the other hand, the results described above show that, in the presence of 2% CO2 and NO3, NO2 is rapidly assimilated, and according to the data from Chlamydomonas and other green algae (6, 14, 31) , it might be even preferentially utilized to N03 .
Under high CO2 tensions (2-5% v/v) or in the presence of bicarbonate, the regulation of N03 assimilation in green algae may vary appreciably. Actually, the main difference concerns the strong inhibitory effect exerted by NH4' under high CO2 tensions or bicarbonate concentrations on the N03 uptake system and on nitrate reductase activity in several green algae including Chlorella (6, 11, 27, 30, 36) and Chlamydomonas (9, 31) . On the contrary, in
Chlamydomonas kept under air, N03 -dependent NH4' and N02 excretion proceeded for long periods of time without any appreciable change in its rate, although NH4' concentration in the medium rose continuously, which indicates that both NO3 uptake system and nitrate reductase operated unrestrictively, provided that the cells were illuminated with blue light. Hence, in contrast to recent proposals (9) , it seems unlikely that NH44 by itself would block the uptake of NO03, unless this effect also would be reversed by blue light under low CO2 tensions. Nevertheless, Florencio and Vega (9) of the cells resulted in the full reactivation of the enzyme in short periods of time (30 min). However, no light quality experiments were conducted by the authors. The actual chemical species that contribute to the in vivo inactivation of nitrate reductase is still a matter of controversy (5, 11, 36) . Notwithstanding, in all cases tested, in vitro blue light irradiation of the enzyme leads to its activation (2, 18a) .
The in vivo requirement of NO3-for the increase in internal levels and activation of nitrate reductase promoted by blue light is in good agreement with the results of Florencio and Vega (9) and others (11, 16) . In vitro, however, although only spinach nitrate reductase has been studied, photoactivation of CN--inactivated enzyme was independent of NO, unless enzyme irradiation was carried out in the presence of NADH, the physiological electron donor of the enzyme. In this case, NO3-contributed markedly to the initiation and acceleration of the photoreactivation (23 
